Panoramic Camera images at Gusev crater reveal a rock-strewn surface interspersed with high-to moderate-albedo fine-grained deposits occurring in part as drifts or in small circular swales or hollows. Optically thick coatings of fine-grained ferric iron-rich dust dominate most bright soil and rock surfaces. Spectra of some darker rock surfaces and rock regions exposed by brushing or grinding show near-infrared spectral signatures consistent with the presence of mafic silicates such as pyroxene or olivine. Atmospheric observations show a steady decline in dust opacity during the mission, and astronomical observations captured solar transits by the martian moons, Phobos and Deimos, as well as a view of Earth from the martian surface.
Panoramic Camera images at Gusev crater reveal a rock-strewn surface interspersed with high-to moderate-albedo fine-grained deposits occurring in part as drifts or in small circular swales or hollows. Optically thick coatings of fine-grained ferric iron-rich dust dominate most bright soil and rock surfaces. Spectra of some darker rock surfaces and rock regions exposed by brushing or grinding show near-infrared spectral signatures consistent with the presence of mafic silicates such as pyroxene or olivine. Atmospheric observations show a steady decline in dust opacity during the mission, and astronomical observations captured solar transits by the martian moons, Phobos and Deimos, as well as a view of Earth from the martian surface.
On 4 January 2004 universal time coordinated, the Mars Exploration Rover, Spirit, landed on Mars at 14.5692°S, 175.4729°E, within the crater Gusev, a 160-km-diameter Noachian-age impact crater. Previous orbital remote sensing data have been used to hypothesize that Gusev crater may be partially infilled by ancient lacustrine sediments (1, 2) . We acquired high spatial resolution multispectral panoramic images of the landing site and its environs to characterize the morphology, composition, and physical and atmospheric properties of the region. Our primary objective is to relate these characteristics to the origin and evolution of the martian crust, with particular emphasis on the search for evidence of liquid water in this region in the past.
Instrumentation and calibration. Panoramic Camera (Pancam) is a digital imaging system consisting of two 1024 pixel by 1024 pixel charge-coupled device (CCD) cameras with a 30-cm stereo separation and 0.27 mrad per pixel resolution, mounted on a mast assembly ϳ1.5 m above the martian surface (3) . Each camera has an eightposition filter wheel and is capable of obtaining narrow-band color images of the surface or sky in 11 distinct narrow bands or direct neutral-density filter images of the Sun for opacity determinations at two wavelengths. Because of downlink bandwidth limitations, most images were compressed before downlink with the use of a high-quality but lossy wavelet-based compression algorithm (4 ). Bandwidth and power limitations also forced many multispectral observations to be acquired with the use of only a subset (typically 5 or 6) of the 13 narrow-band surface filters.
Calibration was achieved through a combination of preflight laboratory measurements and daily measurements of an onboard reflectance calibration target (3). The calibration target was observed to gradually redden over time because of the accumulation of settling airborne dust on its surface. The degree of reddening and its influence on the image calibration has been modeled with the use of a simple two-layer Hapke model of a thin layer of dust with spectral properties like those determined by the Viking and Pathfinder landers (5-7) on top of the silicone-based calibration target materials (3). The model was verified and validated by using results from the Sweep Magnet experiment (8) . With this time-variable dust correction applied, the cameras' absolute radiance calibration is estimated to be within ϳ5 to 10% accuracy on the basis of comparison with sky radiance models and direct imaging of the Sun (9, 10) . The relative reflectance (radiance factor or I/F, where I is the measured scene radiance and F is the solar irradiance at the top of the martian atmosphere) is estimated to be within ϳ5 to 10% absolute accuracy and ϳ1 to 3% relative filter-to-filter precision.
During the course of Spirit's 90-sol (11) primary mission, more than 9300 Pancam images, totaling more than 750 Mbytes of data, were acquired and downlinked. Among these images were sets of large multispectral panoramas acquired from the initial landing site, from halfway along the traverse to a nearby crater informally known as Bonneville (12), and from the rim of Bonneville itself. These panoramas were acquired with the use of a subset of Pancam filters designed to provide stereo coverage, span the full wavelength range of the instrument, and cover key wavelengths that could provide tactical time scale information on potential drive directions and/or in situ instrument target choices.
Regional-scale observations. The panoramic views of the landing site and traversed regions (Plates 1 to 3) show a generally flat plain with about 5% of the area covered by relatively small (tens of cm size or smaller) rocks. Most of the rocks are angular to subangular, and a small number are rounded. The 210-m-diameter rim of Bonneville crater could be seen about 300 m northeast of the lander. More distant features include a ridge of low-lying (ϳ100 to 150 m high) hills, called the Columbia Hills (Plate 4), ϳ3 to 4 km east of the lander and isolated knobs and mesas ranging from ϳ8 km to ϳ26 km south to southwest of the lander near the mouth of Ma'adim Vallis. There were more rocks on the Bonneville crater ejecta blanket, with ϳ10% of the area covered by rocks (13, 14 ) . The local relief around the landing site exhibits meter-scale undulations interspersed with small (Ͻ 200-m diameter), low-relief (Ͻ 15-m depth) impact craters and much smaller (tens of m in diameter) circular hollows. Full resolution, losslessly compressed Pancam images reveal morphologic, albedo, and color variations within the Columbia Hills that may indicate scarps, terraces, or layers such as those identified in Mars Global Surveyor (MGS) Mars Orbiter Camera images (1, 2, 15) .
Rocks and fines. Clastic materials imaged by Pancam at the landing site encompass a range of morphologies and physical properties (Fig. 1) . Examples of fines include thin reddish aeolian dust coatings, fine-grained soil particles (16 ) , sand, granules, and gravel. Bedforms hypothesized to be ripples formed of coarse sand and granules ϳ0.5 to several mm in size were identified on the basis of Pancam albedo and color variations; this hypothesis was verified with the use of Microscopic Imager (MI) images (17, 18) . Most fines observed at the landing site show some cohesion on the basis of how the material holds together when disturbed by the rover wheels, airbag bounces, and drag marks or the Mö ssbauer spectrometer contact plate (18) . There is also some evidence for layering of finergrained materials above and below an armor of what appear to be gravel, pebbles, and cobbles (Fig. 2) . The coarser layers may have formed by accretion of aeolian fine-grained dust on the basis of images from regions where larger particles are not seen beneath the surface (e.g., Plate 7), or they may represent deflational lag deposits on the basis of images from other regions where larger particles are seen beneath the surface [e.g., within trenches or the Serpent bedform (18, 19) ].
Many rocks at the landing site are fractured or fragmented, and some are pitted and may contain vesicles (Fig. 3) . Some rocks are partially buried by fines, whereas others are perched on the surface. Rounded rocks are rare and are generally darker and display signs of wind erosion rather than any unambiguous indications of a fluvial origin. No sedimentary rocks or impact breccias have been identified at the site.
Photometric observations. Calibrated Pancam images from sequences acquired with the use of a broadband filter (L1, 739 Ϯ 338 nm bandpass) were used to estimate the albedo of the landing site region to be 0.25 Ϯ 0.05 (20) . This is a moderately high albedo for Mars, comparable to the MGS Thermal Emission Spectrometer (TES) bolometric albedo of the Viking Lander 1 site (0.26 Ϯ 0.05), slightly higher than the albedo of the Viking Lander 2 (0.23 Ϯ 0.01) or the MPF (0.22 Ϯ 0.01) sites but within the uncertainties of previous orbital and telescopic estimates of the albedo of the Gusev landing error ellipse [ϳ0. 23 (17) ]. Some of the uncertainty on the Pancam albedo estimate comes from albedo variations visible in images of the landing site region. The lander itself is within a slightly lower-albedo 
, the rover crossed albedo boundaries associated with this lower-albedo wind streak and the higher-albedo (0.30 Ϯ 0.02) hollows and the ejecta deposits of Bonneville crater (Fig. 4) . These albedo extremes are consistent with the lowest (ϳ0.19) and highest (ϳ0.26) albedos measured by TES within the Gusev landing error ellipse (14) .
Pancam multispectral images acquired at different times of day document reflectance variations related to surface properties such as texture, porosity, and grain size (21, 22) . For example, photometric observations of regions near the shadow cast by the Pancam mast assembly indicated a strong opposition effect in some soil and rock surfaces, and specular brightenings seen in some brushed and/or compacted surfaces suggest very fine-grained soils or smooth, reflective mineral surfaces in the rocks. Photometric observations were coordinated to occur during or within 1 sol of spacecraft overflights by the Mars Odyssey, Mars Express, and MGS orbiters to provide ground truth observations of visible and near-infrared (IR) reflectance as a function of illumination and viewing geometries.
Multispectral observations. The multispectral panoramas acquired from the Columbia Memorial Station and along Spirit's traverse (Plates 1 to 3) show broad classes of color units detectable at and near the landing site. For example, in the initial 360°mission success panorama (Plate 8), rocks or parts of rocks that are less dusty appear bluer than average, as do lower-albedo, possibly coarsergrained soils. A red/blue color ratio metric was often used to distinguish less dusty from more dusty rocks (none of the rocks were observed to be completely dust-free). The general spectral and color classes seen near the station include (i) high-albedo (0.25 to 0.35) red soils and drifts, (ii) moderatealbedo (0.20 to 0.25) red soils, such as those in the hollows, (iii) moderate-to high-albedo (0.20 to 0.30) red rock surfaces, (iv) moderate-to low-albedo (0.15 to 0.20) red drifts and far-field soils, (v) lowalbedo (0.10 to 0.15) red disturbed soil deposits, and (vi) low-albedo (0.10 to 0.15) gray rock surfaces.
Less-compressed 13-filter (11-color) Pancam multispectral observations of selected targets provide additional constraints on the mineralogy associated with these spectral classes. Moderate-and high-albedo soil spectra (e.g., Figs. 5, A and B, and 6, A and B) are similar to telescopic and spacecraft measurements of martian dust (14, 23, 24) and are characteristic of fine-grained, poorly crystalline ferric iron oxides (25, 26) . A weak absorption centered near 860 to 930 nm in most high-albedo soil spectra can be used to constrain the ferric iron oxide mineralogy; however, a unique mineral identification cannot be assigned for this feature on the basis of Pancam data alone. Candidates to explain the near-IR band include fine-grained hematite, goethite, ferrihydrite, maghemite, or schwertmannite (25, 26) . The spectra of lower- 
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www.sciencemag.org SCIENCE VOL 305 6 AUGUST 2004 albedo undisturbed soils at the site (e.g., Figs. 5, D and F, and 6, D and F) can be modeled by a simple scaling of bright soil spectra, suggesting that the iron-bearing mineralogy of these regions is similar to that of the bright dust deposits but that the grain size of the materials is larger. Such a grain-size variation is also consistent with the interpretation of albedo boundaries seen on small aeolian ripple deposits at the site (17 ) . Pancam images were also obtained of three different sets of magnets carried by Spirit that were designed to provide constraints on the composition and physical properties of magnetic dust grains (27 ) . Initial results of the imaging and other measurements on the magnets indicates that essentially all of the airborne dust is magnetic and that the dust particles must be composite, multimineral-phase grains (8) .
Pancam spectra of rock surfaces display a continuum of characteristics between lighttoned red rock surfaces with spectra similar to bright soils (e.g., Figs. 5, A and B, and 6, A and B), likely indicating a fine-grained ferric iron oxide dust covering or coating, to much lower-albedo gray surfaces that are spectrally distinct (Figs. 3 ; 5, C and F; and 6, C and F). Specifically, the lowest albedo rock surfaces (naturally occurring or in regions of brushing and grinding) have a higher reflectance in the bluest wavelengths than the soils and dust, show an overall negative spectral slope from 750 nm to 1000 nm, and exhibit a weak near-IR absorption feature that is centered at a longer wavelength than the near-IR feature seen in the dust. These spectral characteristics are consistent with a lower relative percentage of ferric iron phases (less dust and/or soil cover) in these parts of the rocks and with ferrous iron silicates such as pyroxene or olivine to explain the longer-wavelength near-IR band (28) (29) (30) (31) (32) (33) . These spectral characteristics are also consistent with the Mössbauer spectrometer observations of rock surfaces (34, 35) , and similar spectral characteristics were observed in a rare "black rock" spectral class of materials at the MPF landing site (33). 
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Pancam images and spectra of soils that were disturbed by the airbags or during trenching activities (Figs. 5F and 6F and Plate 7) reveal low-albedo materials that have more in common spectrally with dark rock surfaces than with dark soils. Specifically, the lower albedo, lower red/blue ratio, stronger near-IR spectral slope, and deeper near-IR absorption feature are consistent with a lower Fe 3ϩ /Fe 2ϩ ratio in the disturbed soils relative to undisturbed soils. The Pancam spectral data from the trench that was dug in Laguna Hollow (19) ( Plate 7) show that the uppermost more oxidized (ferric iron-rich) layer of the soil in the hollow is quite thin, because this dust-like spectral signature is not seen in the spectra of the walls or the floor of the trench. This result is also consistent with Mö ssbauer spectra of the trench (34, 35) , which showed the surface soils to be more oxidized than the trench interior. The dusty soils may have an even higher Fe 3ϩ /Fe 2ϩ ratio than inferred from the Mö ssbauer data, because the surface observed by Pancam (the upper few micrometers of the surface) is much thinner than the Mö ssbauer penetration depth. Three of the rocks that were studied in detail with the in situ instruments included a small two-toned angular rock near the lander named Adirondack (Plate 9), a large partly dust-covered rock halfway along the traverse to Bonneville named Humphrey (Plate 10), and a long but low-lying lighttoned rock named Mazatzal along the traverse near the rim of Bonneville (Plate 11). Pancam images of these rocks were used to select MI, Mö ssbauer, ␣ particle x-ray spectrometer (APXS), and Rock Abrasion Tool (RAT) target regions on the basis of both morphologic and color considerations. Brushing and grinding into each of these rocks removed the bright red dust covering and any light-toned coatings and revealed their intrinsic gray color and near-IR spectral properties to be consistent with the presence of ferrous iron minerals such as pyroxene, olivine, and magnetite (19, 28) . The Pancam data on these freshly exposed rock interiors are consistent with the APXS, Mö ssbauer, and Mini-TES results, which indicate that these rocks are all olivine-bearing basalts (28, 33, 35) and that the light-toned veins seen in MI images of freshly exposed rock interiors are not simply fractures filled with reddish dust (Plates 12 and 13).
Atmospheric and astronomical observations. Daily (or many times daily) images of the Sun were obtained with the use of 440-nm and 880-nm neutral density filters in order to derive and monitor atmospheric dust opacity. The visible wavelength dust opacity at the start of the mission was ϳ0.9, a relatively high value that was likely related to enhanced global-scale dust storm activity that occurred during November and December 2003. By sol 90, the opacity had fallen to ϳ0.5 (10, 36) . The atmosphere had cleared enough by sol 85 to allow Pancam imaging of the walls of Gusev crater, some 80 km from the landing site (Fig. 7) . Time-lapse observations of sunrise and sunset were also acquired in order to 
www.sciencemag.org SCIENCE VOL 305 6 AUGUST 2004 derive and monitor the vertical extent of dust in the atmosphere and to search for evidence of morning or evening twilight water ice clouds that are expected to begin forming as southern fall transitions into winter (37 ) . During one of the cloud search sequences on sol 63, the Earth was observed in the presunrise twilight sky (Fig.  8) . During that same imaging sequence, a long, anomalously bright streak was observed in one long-exposure Pancam image (Fig. 9) . The streak's orientation is not consistent with the known or inferred paths of any Mars-orbiting spacecraft except perhaps Viking Orbiter 2, and thus the streak may represent a lucky observation of a meteor trail (38) . Daytime sky observations and nighttime astronomical observations of stars and Deimos were acquired to search for evidence of clouds. As of the end of the primary mission (areocentric longitude of the Sun ϳ 15°, corresponding to early southern hemisphere autumn), no unambiguous clouds were detected at the landing site in Gusev, nor had any dust devils been detected either in dedicated dust devil search sequences or in serendipitous horizon imaging.
Lastly, Spirit's near-equatorial landing latitude made it possible to observe solar transits by the martian moons. Two transits were captured by Pancam from the Gusev site: one set of images of Deimos passing across the solar disk on sol 68 and one grazing Phobos transit event on sol 104 (Fig. 10 ) (39) . Discrepancies between the predicted transit contact times and phase angles and those that were observed are being used to update the orbital ephemeris parameters of both satellites (neither of which have been carefully monitored in decades) (40) . These calculations will provide dynamical information on the satellites' orbital evolutions as well as increased accuracy for future spacecraft imaging of the moons (42) . 
